Abstract Predator odors induce defensive behavior in many prey species. For various reasons, studies carried out up to now have been unable to establish whether predator odor recognition is innate or not. Mostly, only particular odors or wild-living (i.e., experienced) test animals have been used in these studies, restricting the conclusiveness of the observations. In the present study, the behavioral effects of exposure to different predator odors on predator odor-naive laboratory male rats were compared with the effects of different nonpredator odors and of a no-odor control stimulus. Results show that exposure to urine of canids and felids, but not of herbivores or conspecifics, induce defensive behaviors. Taken together, the study provides support for the hypothesis that there is an innate recognition of predator odors in laboratory rats.
; reviewed in Kats and Dill, 1998; Apfelbach et al., 2005) . Since prey species also respond to unknown predator odors, some have suggested that recognition of predator odors as a sign of potential danger is innate (Epple et al., 1993; Apfelbach et al., 2005) . Such an innate recognition of predator odor would be an enormous advantage. After perceiving a predator odor, the prey animal can avoid the encounter with the predator. This is a highly critical advantage because the very first encounter with a predator usually ends fatally for the prey (Edut and Eilam, 2003) . However, another possible explanation for the observed effects of unknown predator odors is that they contain components of a known predator. This would mean that recognition of the unknown predator odor is not innate but is rather based on previous experience with other predators.
A better way to test for innate recognition of predator odors is to use prey animals that have had no previous experience of predator odors, i.e., laboratory-reared animals, and to observe their behavior during exposure to different predator and nonpredator odors. A number of studies have shown that the odors of certain predators (usually cats or foxes) induce autonomic and behavioral signs of fear in laboratory animals (reviewed in Blanchard et al., 1990a; Dielenberg and McGregor, 2001; Apfelbach et al., 2005; Fendt et al., 2005; Takahashi et al., 2005) . Since these laboratory animals (rats, mice) were totally naive to predators and predator odors, this is evidence that rats and mice innately recognize predator odors as signs of potential danger. Major drawbacks to these studies, however, are that in each case they have invariably used only one particular predator odor and that they have carried out control experiments either with synthetic odors instead of nonpredator odors or simply by eliminating all odors. As a result, the responses observed in these studies were perhaps general responses to unfamiliar animal odors.
The aim of the present study was to collect further data supporting the hypothesis that predator odor recognition is innate. To this end, the behavioral effects of different rodent odors were tested on male laboratory rats that were all naive to the odors used in the study. Urine samples from different canids and felids (wolf, coyote, bobcat, fox, and cat) were used as test stimuli, and urine samples of herbivore nonpredators (cow and horse) or of female rats were used as control stimuli, along with saline (i.e., no odor). Each rat was exposed in a test arena to all odors in a randomized order, and the behavior of the rat was observed. If laboratory rats are innately able to recognize predator odors, defensive behavior is expected during exposure to predator urine, but not during exposure to the control stimuli. The following defensive behaviors of rats are described in laboratory but also in field studies Blanchard, 1971, 1990; Dielenberg and McGregor, 2001; Carobrez et al., 2001; McNaughton and Corr, 2004; Apfelbach et al., 2005) : flight, hide and avoidance behavior, freezing behavior, potentiation of defensive reflexes, and "risk assessment behavior" such as flat back approaches, prolonged approach to and short direct contacts with the potentially dangerous stimuli.
Methods and Materials

Animals
Fourteen male Sprague-Dawley rats (Charles River GmbH, Sulzfeld, Germany) weighing 220-260 g (age, 3-4 mo) at the beginning of the experiments were used. Animals were maintained on a 12:12 hr light/dark cycle, and food and water were available ad libitum.
All experiments were performed in accordance with ethical guidelines for the use of animals in experiments and were approved by the local animal care committee (Regierungspräsidium Tübingen, ZP 4/02).
Odor Probes
Urine probes of bobcats, cougars, foxes, coyotes, and wolves were purchased from PredatorPee Inc. (Bangor, ME, USA). Urine probes of female cows and horses (females, males, geldings) were self-collected at two ecological farms in Waldhausen, a village close to Tübingen. Urine probes of female rats (N=6) were self-collected by using a metabolic cage at the animal facility of the Department of Animal Physiology of the University of Tübingen. Lastly, urine probes of healthy female and male cats were drawn by a local veterinarian by means of bladder catheterization. All samples were collected in the week before the experiments and were stored in a refrigerator at −18°C until they were used.
Samples were presented as follows: 3 ml of predator or nonpredator urine or saline (control) were administered in a Petri dish (5 cm diam.). The Petri dish was put in one corner of the arena (see below) at a distance of 5 cm from each wall of the arena.
Apparatus
All behavioral tests were conducted in a square arena with walls and a cover made from transparent Plexiglass (92×92 cm; ActiMot, TSE Systems, Bad Homburg, Germany). Illumination of the arena was between 200 and 250 lx. There was no ventilation of the arena during the tests. Rat movements were monitored by infrared detectors (distance between two detectors: 2.5 cm, height: 2.5 cm), and rearings were detected by a second arrangement of infrared detectors (height: 12.5 cm). The ActiMot software automatically calculated the motor activity [distance traveled (m)], the number of rearings, the duration of "resting behavior" (activity <1 cm/sec), the total time spent in the middle of the arena (size of the middle: 46×46 cm), and the total time spent in the corner with the urine probe (size of the "corner": 23×23 cm).
In addition, the behavior of the animal was videotaped. The videotapes were analyzed by an observer who was unaware of the test conditions. The duration and frequency of the following types of behavior were recorded: flat back approach, contact with the sample, grooming, and freezing. The time elapsed before first contact with the sample and the number of fecal boli were recorded.
Behavioral Procedures
To familiarize the rats with the arena, each animal was placed together with odorless saline solution in a Petri dish (3 ml saline) into the arena for 10 min once per day on 3 consecutive d. On the following 10 d, a urine sample or saline control solution was put in one corner of the arena, and the rat was put in the opposite corner. The rat's behavior was monitored for the next 10 min by the infrared detectors and videotaped as described above.
Each rat was tested daily between 8:00 AM and 4:00 PM with one of the samples. Samples were presented in a pseudorandomized order, and the corner with the urine samples (and thereby also the animal's "start" corner) was changed in pseudorandomized order. The arena was cleaned with soapy water and 70% ethanol after each test, and then ventilated with clean air for 45 min (ca. 15 l/min). Control studies in our laboratory with trimethylthiazoline, an intensive synthetic predator odor inducing strong fear behavior, showed that the cleaning procedure removed all odors that might affect the animal's behavior.
Statistical Analysis
Data are presented as mean values with standard error of the mean. The data were also grouped for each animal according to sample type (i.e., predator urine, nonpredator urine, female rat urine, and saline controls). All data were normally distributed except for the number of rearings. Normally distributed data were analyzed by repeated-measures analyses of variance (ANOVAs) with odor or odor group as a within-subject factor. Student's t-test (with Bonferroni correction) was used for pairwise comparisons with the saline control. Nonnormally distributed data were analyzed by a Kruskal-Wallis test; pairwise comparisons were done by the nonparametric multiple comparison according to Zar (1999, p. 224) .
Results
The type of urine used strongly affected the time the animals spent in the corner with the urine probe (ANOVA: F 9,108 =11.59, P<0.001; Figure 1a ). Pairwise comparisons with the saline control showed that animals spent less time in the sample corner in the case of urine from wolves (t=5.01, P<0.001), coyotes (t=4.7, P=0.001), bobcats (t=3.75, P=0.003), cougars (t=3.79, P=0.003), and foxes (t=2.42, P=0.03), but more time in this corner in the case of urine from female rats (t=2.66, P=0.02). The urine of cows, horses, and cats did not affect the time spent in the sample corner (t<1.09, P>0.30). After the data had been grouped according to sample type, ANOVA revealed significant effects of the different sample types (F 3,39 =14.78, P<0.001). Pairwise comparison with the saline controls showed significant effects for predator urine (t=2.6, P=0.02) and female rat urine (t=3.04, P= 0.009), but not for nonpredator urine (t=1.21, P=0.25). Furthermore, the effects of exposure to predator urine and nonpredator urine differed (t=5.26, P<0.001). Typical traces of an individual rat during exposure to different urine samples illustrate avoidance behavior indicated by reduced time spent in the corner with the predator urine samples (Figure 2) .
Flat back approaches are not direct and fast approaches to the samples; rather, they are more of a hesitant, sneaking approach to the threatening stimulus, with many stops. Nonparametric analysis with the Kruskal-Wallis test revealed an effect of urine samples on the number of flat back approaches (H=29.87, P<0.001; Figure 1b) . Post-hoc pairwise comparisons showed an increase in the number of flat back approaches during exposure to the urine of coyotes, bobcats, cougars, foxes, and wolves (Q>10.56, P<0.001), but not during exposure to the urine of cats, cows, horses, and female rats (Q=0). The results were confirmed by an analysis of the grouped data (H=19.72, P<0.001): compared with the saline controls, predator urine led to an increase in the number of flat back approaches (Q= 6.35, P<0.001), whereas the urine of nonpredators or female rats did not (Q=0). In addition, a difference was found between the effects of predator urine and nonpredator urine (Q=56, P=0.007).
The type of urine used influenced the time elapsed before the animal's initial contact with the samples (ANOVA: F 9,108 =2.41, P<0.02; Figure 1c ). On the other hand, pairwise comparisons showed no significant differences in this elapsed time before contact with the saline sample and other samples (t<2.1). However, after the data were grouped (ANOVA: F 3,39 =8.34, P<0.001), an increase was found in the time elapsed before contact with predator urine samples compared with that before contact with the saline controls (t=3.60, P=0.003) and the nonpredator urine samples (t=3.29, P=0.006).
For contact duration, ANOVA showed an influence of the urine samples (F 9,108 =11.41, P<0.001; Figure 1d ). Pairwise comparison with the saline controls revealed an increase in the duration of contact with the urine of female rats (t=3.65, P=0.004) and a reduced duration of contact with the urines of coyotes, wolves, and cougars (t>3.07, P<0.01). However, after grouping the data (ANOVA: F 3,39 =14.45, P<0.001), the effects of female rat urine were still found (t=4.21, P=0.001), but longer contact with nonpredator urine was found (t=2.59, P=0.02). No effect of predator urine was found on contact duration relative to the saline control (t=0.88, P=0.38), but there was a difference with nonpredator urine (t=3.42, P=0.005).
There were no effects of individual urine samples on the rat's rearing behavior (ANOVA: F 9,108 =1.63, P=0.12; Figure 1e ). However, after grouping the data (ANOVA: Fig. 2 Typical examples of traces of one rat during exposure to the saline control (a), to urine of a female rat (b), to urine of the nonpredator cow (c) and horse (d), and to urine of the predator cougar (e) and coyote (f). Dark ring represents the placement of the urine sample F 3,39 =3.01, P<0.041), a significant increase was found in rearing during exposure to predator urine (t=3.32, P=0.006). There was also a trend to increased rearing behavior with nonpredator urine (t=1.99, P=0.07). No significant difference was found in rearing behavior during exposure to predator urine and exposure to nonpredator urine (t=1.44, P= 0.17).
Analysis of the data on urine samples both singly and as group showed no statistical effects of the predator urine samples on resting behavior, time spent in the middle of the arena, general motor activity (distance traveled), freezing, grooming, and numbers of fecal boli (data not shown).
Discussion
Our expectation was that defensive behavior is only observable during exposure to predator urine, but not during exposure to other samples. It should be noted that the rats used in the study were totally naive to all odors tested, i.e., that observed differences cannot be a consequence of some odors being unknown, with others being known. Exposure to urine samples of canid and feline predators induced different defensive behaviors in the animals. Behavioral responses to the different predator urine samples, with exception of cat urine samples, were similar. Possible reasons for this exception are discussed below.
Animals spent less time in corners with urine samples of canid and feline predators than in corners with saline controls and nonpredator urine, indicating avoidance behavior. Furthermore, flat back approaches, a form of risk assessment (Blanchard et al., 1990b) , were only observed only in the presence of predator urine samples. In addition, there was a longer delay in making contact with predator urine samples, and the duration of contact with some of the predator odors (coyote, cougar, and wolf) was significantly decreased. Interestingly, rearing behavior-an indicator of exploratory behavior and vigilance-was increased in frequency during exposure to both predator and nonpredator urine. Other behavior indicators such as resting behavior, freezing, general motor activity (distance traveled), and grooming were not affected by exposure to predator urine. The first two indicators often increase and the latter two often decrease in frequency during exposure to aversive stimuli (Yamada and Nabeshima, 1995; Blanchard et al., 2003a; Misslin, 2003; Apfelbach et al., 2005) . Female rat urine increased both the time spent in the sample corner and the duration of contact with the sample (cf. Markham et al., 2004) , clearly showing that our experiment was sensitive not only to aversive, but also to attractive odors.
All types of behaviors analyzed in the present study are potentially modulated by danger. Freezing behavior is a species-specific defensive response in rats and is often used to measure fear (Fendt and Fanselow, 1999; Wiltgen and Fanselow, 2003; Sullivan et al., 2004) . Surprisingly, freezing behavior was infrequent in the present study and was not exclusive to predator urine, ostensibly indicating that the canid and feline predator odors used here were unable to induce defensive behavior. However, this conclusion must be rejected for several reasons. Freezing behavior is observed only when the threatening stimulus is very intense, i.e., danger is acute (e.g., Blanchard and Blanchard, 1990; McNaughton and Corr, 2004) . Indeed, intense stimuli such as foot shocks or high concentrations of trimethylthiazoline (a component of the fox odor) were able to induce freezing behavior in the experimental setup used in the present study (Fendt, unpublished observations) . Results of the present study, therefore, indicate that the canid and feline predator urine samples used in this study are not a strong indicator of acute danger and do not induce freezing behavior. It is also questionable whether freezing would be an adequate response to predator odor. While predator odor indicates the presence of a predator in the area, it is not implicitly an indicator of acute and direct predatory threat. Therefore, it is more expedient for the prey animal to intensify its risk assessment behavior or to avoid an area with predator odor in order to prevent an encounter with the predator (cf., McNaughton and Corr, 2004) . On the other hand, freezing responses and flight or fight behavior are more relevant when there is acute and direct danger of encountering a predator. Another possible explanation for the lack of freezing behavior in experiments involving the presence of predator odors is that the occurrence of freezing behavior depends upon the test context. It has been shown repeatedly that a threatened animal responds by freezing only if it has no way to avoid the threatening stimulus (e.g., Blanchard and Blanchard, 1971) . Otherwise, it responds with flight or avoidance behavior rather than freezing behavior.
Consequently, either the quality or intensity of the stimuli in the present study or the testing context itself was such that freezing behavior and the related inhibition of spontaneous activity and of grooming were not an appropriate response for our test animals during exposure to the samples of predator urine. As discussed above, a more appropriate response when the threatening stimulus is lower in intensity might be risk assessment behavior (cf., McNaughton and Corr, 2004) such as flat back approaches (or "stretch approaches"; e.g., Markham et al., 2004) . In the present study, flat back approaches were observed only in response to the urine probes of canid and feline predators and were much more frequent as the animals approached these samples.
Direct exploration of stimuli occurs much faster when the stimuli are potentially dangerous (cf., Markham et al., 2004) . For example, I found that the duration of contact with the urine probes of canid and feline predators was much shorter than with other stimuli. In contrast, the urine of female rats, which is highly attractive to male rats, was explored much longer (cf., Markham et al., 2004) .
Potentially dangerous stimuli are approached not only more slowly and for a shorter period of time, but they are also avoided more thereafter (reviewed in McGregor et al., 2002; Apfelbach et al., 2005; Takahashi et al., 2005) . In the present study, animals spent less time in corners with urine samples of canid and feline predators than those containing urine of nonpredators and female rats or a saline control solution. Quantitatively, in fact, this type of behavior, i.e., time spent in the urine sample corner or avoidance of that corner, was the most pronounced of all the behavioral responses assessed.
In summary, different defensive behaviors were induced by urine samples of canid and feline predators, but not by the other nonpredator samples. Although the behavioral effects of the predator urine were by and large similar, there was one major exception: the cat urine did not induce defensive behavior. This has also been demonstrated by Blanchard et al. (2003b) . In that study, avoidance behavior, decreased duration of contact, and increased frequency of risk assessment behavior and freezing were induced by exposure to cat feces and cat fur/skin, but not by exposure to cat urine. This may be explained as follows. First, predator urine in general appears to be less fear-inducing than the odor of feces or skin/fur (cf., Blanchard et al., 2003b ; only cat odor was tested in this study). Second, cat odor may change during domestication so that its fear-inducing properties are weakened or lost altogether. Third, cat urine was acquired in the present study by bladder catheterization. Urine acquired in this way is likely to induce less fear, as the urine used for scent marking is usually enriched by secretions of the anal gland. Fourth, domesticated cats may have a vegetarian or mixed diet changing the properties of the cat odor especially of the urine odor (cf., Berton et al., 1998) .
In contrast to cat urine, urine of the other canid and feline predators used in the present study induced defensive behavior. Similar effects have been shown in a number of studies with other prey species: beavers, black-tailed deer, snowshoe hares, deer mice, guinea pigs, house mice, gray squirrels, meadow voles, and mountain voles during exposure to coyote, wolf, fox, and bobcat urine (Sullivan et al., 1985a (Sullivan et al., ,b, 1988 Epple et al., 1993; Nolte et al., 1994; Swihart et al., 1999; Rosell, 2001) , and, most relevantly, in rats during exposure to fox urine (Burwash et al., 1998; Campbell et al., 2003; Farmer-Dougan et al., 2005) . The results of all these studies were confirmed here. In contrast to the previous work, however, the present study used (1) both predator and nonpredator urine samples and (2) laboratory animals with no experience whatever of predators or their odors. In other words, this present experiment is the first to conclusively demonstrate that several predator odors (here: canid and feline urine), but not other natural odors (here: urine of conspecifics and herbivores) induce innate defensive behavior in inexperienced rats.
Taken as a whole, the study showed that exposure to canid and feline predator urine induces defensive behaviors, particularly avoidance and risk assessment behavior, in predator-odor naive rats. It should be mentioned that this study is limited in that only canid and feline urine was used as predator odors and only herbivore urine was used as nonpredator odor. However, it is the first to test different predator and nonpredator probes in laboratory-reared animals. The results support the hypothesis that the effect of predator odors on the behavior of many species observed in numerous studies (reviewed in Kats and Dill, 1998; Apfelbach et al., 2005 ) is based on an innate recognition of predator odors. Such an innate "recognition" of predator odor is a survival advantage. In parallel, an innate recognition of visual and acoustic predator cues has also been discussed in other studies (e.g., Hirsch and Bolles, 1980; Hendrie, 1991; Hendrie et al., 1996; Eilam et al., 1999) .
